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A METHOD FOR PREPARING PHARMACEUTICAL COMPOSITIONS 
The present invention relates to a method for preparing 
pharmaceutical compcsitiot":?. using ultrasonic processing. 

Matrix-type drug delivery systems, which ere capable of 
releasing pharmaceuticals :n a controlled ?;V,h;on over extended 
periods of time are well known. Drug releasing matrices have 
previously' been prepareo by conventional polymer processing 
techniques, such as injection moioing, extrusion or compression 
molding. These techniques often leed to noticeable decomposition 
of the active agent and/or the polymer, or are slow end cumber 
some to use. The factors mainly responsible for 'heir degradativs 
affects are long heating times combined with mechanics: stress 
caused by screws or other mixing devices in the machinery. The 
problems created by heat can be avoided by solvent casting, but 
this method may result in harmful solvent residues, and it is not 
suitable for insoluble polymers, such as poiygiycoiic acid iPGA). 

It is an object of the present invention to provide a method 
for preparing drug releasing compositions eliminating the disad 
vantages discussed above. The object Is realized by a 
method for preparing a drug releasing biodegradable 
composition comprising biodegradable polymer matrix and at 
least on® pharmaceutical substance mixed and/or dissolved 
within said matrix, characterised in thai using ultrasonic 
means a mixture of the biodegradable polymer and lite 
pharmaceutical substance Is at least partially melted. 

Ultrasonic techniques are widely used in industry for the joining of thermoplastic mouldings, e.g. in car and textile industry. 

It has now been found that ultrasonic processing can successfully be used to plasticine and mold polymeric drug delivery 
systems. 

Compared to the previously utilized methods, ultrasonic molding offers the advantage of being faster, more controllable, and 
substantially less destructive to the polymer and the drug. 

Ultrasonic molding Is based on a process in which energy from the main supply is converted by a generator into electrical 

vibrations in the US range (usually 20 kHz), and further transduced info mechanical vibrations of the seme freguancy. These 

mechanical vibrations are transmitted to the work p-eces through a Booster 

{transformer) and a sonoirode. The heating in the materials to be 

molded or joined takes place as a result of the absorption and 

reflection of the mechanical vibrations in the mater-al and the 

Interface friction of the fragments or joining surfaces. 

The time required for ultrasonic processing is always very 

short, preferably less than 1.6 s.' This fact Is Influential in all applications, particularly when mass-produced articles are in 
question. Short heating times are especially important In drug release applications, in which neither the polymer nor the 
active agent car; withstand elevated temperatures for iong periods of time. 

Ultrasonic molding of polymer/drug composites is accomplished loy standard ultrasonic welding equipment, provided it :s 
supplied with a sonotrode and a mold suitable tor producing o; matrices ot desired size and geometry i abiel- or rod-shaped 
matrices, for example, are easily produced, but more complicated geometries can aiso be prepared. 

Polymeric materials suitable for ultresonicaliy processed drug releasing matrices include e.g. polyorfhoestsrs and 
biodegradable polv-a-hydroxy acids, such as poiygiycolide (PGA), polvlactides (PLA). oolyhydroxybutyrate (PHB) and 
PHB/poiyhydroxyvaieraia (PHV) copolymers. Many of these materials are extremely difficult to injection moid or extrude due 
So their narrow melting temperature ranges. T he process may, in fact become impossible So control when the polymers have 
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besn blended with pharmaceuticals: drastic changes in the viscosity of the materials car; occur within a 0.5 "C change in 
temperature or with time, and differences in the melting points of the constituents often result in one or mora of the 
substances being at least partially destroyed. In ultrasonic molding these problems can largely be avoided, because the 
process is almost instantaneous, and because the process parameters (welding time, holding time, pressure, welding 
energy, welding distance, amplitude, impact speed} cat? be very accurately determined. 

Examples of the drugs compatible with ultrasonic processing are e.g. antibiotics, polypeptides and steroid hormones. Many 
other classes of pharmaceuticals, the long term and/or local delivery of which is beneficial, can also be used. 



Liltrasonicaliy produced drug delivery systems can best he used as macroscopic Implantable devices, such as long-term 
contraceptive systems placed under the skin, or as antibiotic loaded rods implanted In osieomyeiiiic bone The preparation ■ 
Ihese or omar types ot implants consists, :n general, ol mix-no the polymer with me pharmaceutical substances, vacuum 
drying the blend, and molding it with ultrasound. 



l-iomogenization of the polymer/drug blend can be done for example by mechanically mixing finely ground powders, by 
stirring tbe polymer powder in a drug solution, oy dissolving Pom isii) sucstances :n a common solvent, or by impregnating 
the polymer with the drug solution Thorough vacuum drying of the materials after blending Is preferred for predictable 
processing and release results. 

Molding of the malerieis can be done with a standard ultrasonic welding apparatus, which is equipped with en appropriately 
designed sonotrode and a mold of desired sse and shape. The dried substances are placed into fhe mold, and ultrasound is 
applied on them. The processing lime required So plssiiclse and form a 0.25 g sample vanes between 0.1 and 1.0 s 
depending on the materials in question, as well as on the pressure and amplitude (booster; i 



The energies transmitted to this size of samples are approximately 50 - 500 VVs. 



It has been found that most injection molded and extruded matrices show substantially worse and less predictable in vitro 

polymers and especially to the drugs. !n vitro drug r&j&sse from ultr-ssonicaiiy molded samples is roughly equivalent to that 
i;o!!- ',>,.wp:-, moio^-r-, .-^moie::.. i-icvt.-vi.-! ..'ci: la:^.-:? oi tm- :asu:is is pie-rue: -..cmp: e,, -von mu-iS^c samp!;-s 
comparing tne processing techniques themsesves, ultrasonic molding comes our as me easier, faster and more ■ 

The invention is further illustrated by the following 
bxemples, where reterence is made to me accompanying 

In the drawings, 

Fig. 1 shows It? vitro release of levonorgesitei from uitrasonicallv processed PL LA rnairice. 
Fig 2 shows In vitro ievonorgestrel release from compression molded Pi.i.A mstrice 
Fig. 3 shows in vitro ciprofloxacin release from uiirasonicaiiy molded PGA/5 wi% ciprofloxacin mattes, 
Tig. 4 shows cumulative in vitro ciprofloxacin release from uitrasonica!!y molded PGA/;? wt% ciprofloxacin m atrice, 
Fig. 5 shows in vitro ciprofloxacin release from compression molded PGA/5 wt% ciprofloxacin rods, and 
Hg. 6 shows in vitro ciprofloxacin release from compression mo»oed l-H^Al o wry.? c!pror:oxacin rocs 



Fig . 7 shows in vitro 1 7-3-esiradio! release from uiirasonicaiiy molded PHB/PHV/7.5 wi% 1?-i 
Fig, S shows in vitro 17- 13-esiradiol release from ultrasonically molded PHB/PHV/1 5 wt% 17-B -estradiol slabs. 
EXAMPLE 1. 

Effects of injection molding and ultrasonic processing on soly-L-lactlde (PLIA; 

PL LA (MW 260 000) was first dried in vacuum arid subsequently either uiirasonicaiiy processed or injection molded in 
nitrogen atmosphere. The samples produced by ultrasound 'were 0 11 x 2 mm buttons, and the duration of ultrasound 
application on each sample was approximately 0.3 s. The energy transmitted fo the buttons- was 200 VVs. and the pressure 
during molding 1.3 bar. 



injection molding was dona with a Battenfeid BA 230 apparatus, and the molded samples wars shaped as rods of various 
Sixes. Both types of samples were ground and again vacuum dried before i 



Processino-iriOuced changes in oolymer properties end structure were assessed qv melt flow index :MP0 i 
differentia! scanning calorimetry'(DSC). The MR measurements, done si 180 - 195 "C, showed that Injection molding had 
had a major degradative effect on FLLA, as She MR at all temperatures had markedly Increased. The increase in MP! caused 
by ultrasonic processing was less severs (Table 1). DCS scans showed a slight decrease in melting points in the injection 
molded as well as in the uitrasonicaiiy processed samples. The smaller degree of ervsiaSHnlty of the uiirasonicaiiy prepared 
PL LA Is caused by the quick cooling that follows fhe ultrasound application (Table 2). 

Table 1. Mali flow index (MFI) values of FLLA 
i.1 



MR(g/IO mini 

180"C 185"C 190"C 195"C 
Raw material - 0.20 0.34 1.25 
(MW 280000) 

Injection 3.11 5.66 7.80 8.74 
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molded 

Uitrasonicaiiy ■ 4-31 4-30 6 18 
molded 



Table 2.Meliing points t"'C) and degrees of crystalliniiy of PLLA 
EiViiS.1 



tie C) 

Raw material 185.7 63.4 
(MW28000G) 

Injection molded 131.8 81.2 
Ultrasonics!! molded 181.1 3S.9 

degree of crystailinity calculated from the mettinc enthalpy of the sample relative to thai of 100% crystalline PLLA 
EXAMPLE 2. 

lots! 00:'K>:f"fc;t:Ors ot SGtiVf: fit^fj^tS i!"! ii:::*3-50n!CaiiV p^OCti'ififr-*" CO!Ti:*>i*©SS!0!1 :Y>0) , *>'id tit'iO i'^JSCiiO!'! illOK'SC! iViciTfiCSS 

Uitrasonicaiiy melded samples were preoared from vacuum dried PLLA (MW 280 OQQj/15 wt% levonorgestrei mixture usinq 
Rinco PCS ultrasonic welding equipment. The O 11 x 2 mm, button shaped samples were made using a welding time of 0.3 
s. 1 3 bar and appr. 200 Ws of energy per sample. A few of the prepared samples- were dissolved in chloroform, and the total 
concentration levonorgestrei in the solution was determined UV-specirophoiometricaliy at 240 nm. The levonorgestrei 
content of the samples was found to be close to 100% of the theoretical amount of the drug present. 

A similar PL.LA/15 wt% levonorgestrei mixture was compression molded into 0 20 x 2 mm siabs at 170 • 175 "C for 5 min 

The pressure applied on the samples during processing was. 10 M Pa. 

The levonorgestrei content measured from dissolved slabs was again nearly 100% of the expected 

injection molded PLLA'15 wt% levonorgestrei samples were prepared bv first melt homoaeni.>1nq the dried material in a 
Brsbender Pissilcord batch mixer at ;90 OC. and bv then Injection molding if info 0 20 x 2 mm siabs with a laboratory scale 
SP-2 apparatus at 195 ■ 200 "C. In these samples, oniy appr. 24 % of the theoretical amount of levonogesfrei was found to 
be present after processing, which cieariy shows tne detrimental effect or injection molding / melt homogeni^afion on these 



EXAMPLE 3. 

In vitro release of ievonogestrei from uitrasonicaiiy processed, compression molded and Injection molded PLLA matrices 
The in vitro hydrolysis experiments of all samples were done in phosphate buffer (pH 7.4} at 3? "C. The buffer solutions were 
changed periodically, and the levonorgestrei concentration :n the solutions was assessed oy HPLC iivlerc!'; Hitachi). 

The compression molded Pl.LA'15% ievonorgesire! matrices have released levonorgestrei fairly steadily, 10-12 Rg/day, after 
initial burst (Fig. 2). The release has been strongly dependent on the solubility of the steroid in the buffer solution rather than 
on the properties of the matrix. No signs of the active agent having Peen destroyed during processing have been detected, 
however . 

The release from uitrasonicaiiy processed samples (Fig. 1 ; has been 6-8 ug/day, after the initial burst (after about 25 days). 
After 180 days the toiai amount released has been 4.8 %. 

Levonorgestrei release from the injection molded samples was barely at a detectable ievei (<< 1 , eg/day} throughout most 
of the test period. Because of the very scant release, and also due to rapidly degrading matrices, the experiments were 
deemed unsuccessful and discontinued after two months of hydrolysis. 

EXAMPLE 4. 

In vitro ciprofloxacin release from ultrascnicaiiy processed and compression maided poiygiycoiic add (PGA; matrices 

Ciprofloxacin loaded PGA matrices, which can be used for the local, controlled antibiotic treatment cf osteomyelitis, were 
prepared from ciprofloxacin impregnated Dexon 2"S" suture. The impregnated (5 wi% ciprofloxacin;, vacuum dried suture 
was either compression molded info 0 3.2 x 5 mm rods or ulirasonically formed info 0 1 1 x 2 mm slabs. The ccmoression 
molding was done at 200 - 205 "C under 0 ■ 20 MPa pressure for 6 - 7 minutes. 

Ultrasonic processing was accomplished with a welding time of appr. 1.5 s, 1 .2 bar pressure and 270 - 300 Ws of transmitted 
energy. 

Ciprofloxacin release from the uitrasonically prepared samples started at 1849 + S3 .ug,'day (X+SD, N=8) and tapered down 
to 0.8 I 0.3 Fg/day after 112 days (Fig 3). The experiment was discontinued at this time, because ail of the samples had 
degraded completely At the completion of the hydrolysis the percentage cf the antibiotic release had reached 55*5% of its 
theoretical amount (Fig. 4;. The remaining appr. 45 % had been lost during processing due to incomplete absorption info the 



http://worldwide.espacenetxom/publicatioriDetails/description?CC=JP&NR=8505076T& 9/19/2011 



espacenet - Description 



Page 4 of 4 



sutures. 

Hydroiysis results of the compression molded samples are presented in Figures 5 and 8. It can be- seen that the ciprofloxacin 
release from the samples was comparable So that from ultrasonicaily processed samples, especially considering the 
differences in the size and shape of the samples. However, variation between individual samples was noticeably greater in 
the compression molded rods Also, the compression molding process takes 20-30 minrssmple, whereas the ultrasonic 
forming can be done in less than two seconds. 

EXAMPLE 5. 

Uitrasonicaiiv molded PH8/PHV/ 1 7- 13-esiradiol samples 

Mieronized estradiol arid PHS/PHV powder (particle size < 350 dam) were mechanically mixed in the ratios of 7.5. 92 5 and 
15 : S5. The homogenized mixture was vacuum dried at 30 00 for 3 days and then ulirasonlcaliy molded into 011 x 2 mm 
stabs. The processing parameters included the welding time of 0.118 ■ 0.128 s. 5.0 s holding time, 1.1 bar pressure and S3 
Ws of welding energy. 

Some of the slabs were dissolved In chloroform, and the total estradiol content of the samples was determined from the 
solution bv a Perkin Elmer Lambda 1 7 UVVVIS -Spectrophotometer at 230 nm. The amount of estradiol found was close to 
100% of the theoretical. 

in vitro hydrolysis experiments of PHS/PHV / 1 r -B- estradiol slabs were dona in phosphate buffer (pH 7.4, 37 "C>. The buffer 
solution was periodically changed, and the estradiol concentration In the solution was assessed by HPLC (Merck Hitachi). 
The results show a nearly first order release, which is typical for matrix-type drug delivery systems (Fig. 7 and 8). 

Fig, 7 (mixing ratio 7.5 : 92.5} shows thai the release has been 6-11 ,ug/day during the period of 20-70 days, after the initial 
burst. During the nsrlod of 1 20-290 days the release has been about 2-4 zug/day. After 290 days the iota! amount released 
has been 11.5%. 

Fig. 8 (mixing ratio 15 : 85} shows thai the release has been 10-13 iio/day during the period of 50-100 davs, after the initial 
burst. During the period of 100-230 davs the release has been about 4.5-10 ,uq/day. After 230 days the total amount 
released has been 10.5 %. 



bast updated-. 28.04.20 1 1 Worldwide Database 5.7.23.1; 93p 



http://worldwide.espacenet.com/publicati 9/19/2011 



espacenet - Claims Page 1 of 1 




Espaceoet 



Claims: JP 8505076 (T) 



Preparation of pharmaceuticals in a polymer matrix 

Claims not available for JP 8505076 (T) 

Claims of corresponding document: GB 2273874 (A) 

Translate this text Claims ires 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 

CLAIMS 

1. A method for preparing a drug releasing biodegradable composition comprising biodegradable polymer matrix and at least 
one pharmaceutical substance mixed and/or dissolved within said matrix, characterised in thai using uifcasonic means a 
mixture of the biodegradable polymer and the pharmaceutical substance is at least partially melted. 



2. A method accoroing to Claim 1 characterised :n ti'ie* the rnix*uia -:A L^ocacrodabie polymer and pharmaceutical constant 
is vacuum dried before the ultrasonics! melting. 

3. A method according to any of Claims 1-2 characterized in that the biodegradable polymer matrix comprises a 
polyorthoesier, a poryiactioa or a poly-a-nydrox-y ac<o 

4. A method according to Claim 3 o h a r a c t ® 1 1 z * d in that the biodegradable polymer matrix comprises poiygiycelid® 
(PGA), poiy-L-iaciids (PLLA), poiyhydroxybutyrate (PHB)ora PH 8/poiyhydroxyyaierate (PHV) copolymer. 

5. A method according to any on® of Claims 1-4 character! z e d in that the pharmaceutical substance Is an antibiotic, a 
steroid hormone or a polypeptide. 

6. A method according to Claim 5 c h a r a o i e r i z a d in thai she oharmaceuslcal substance is ievonorgestrel. ciorofioxao 
orl 7-1 S 



7. A drug releasing biodegradable composition comprising biodegradable polymer matrix and at least one pharmaceutical 
substance mixed and/or dissolved within said matrix c h a r a c t a r i z a d -n thai said composition is prepared according a 
one of Claims 1-6. 



8. A composition according to Claim 7 characterised in that the composition is capable of being Implanted In the human or 
animal body. 
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[57] ABSTRACT 

An ultrasonic processing method by which polymer/drug 
composites can be quickly and efficiently molded to form 
matrix-type drug delivery systems is disclosed. The advan- 
tages of the method include speed and good control of the 
process. It also causes less degradation in polymers and/or 
drugs than most conventional processing methods. 
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METHOD FOR PREPARING MATRIX-TYPE 
PHARMACEUTICAL COMPOSITIONS 
THROUGH ULTRASONIC MEANS TO 
ACCOMPLISH MELTING 

The present invention relates to a method for preparing 
pharmaceutical compositions using ultrasonic processing. 

Matrix-type drug delivery systems, which are capable of 
releasing pharmaceuticals in a controlled fashion over 
extended periods of time are well known. Drug releasing 
matrices have previously been prepared by conventional 
polymer processing techniques, such as injection molding, 
extrusion or compression molding. These techniques often 
lead to noticeable decomposition of the active agent and/or 
the polymer, or are slow and cumbersome to use. The factors 
mainly responsible for their degradative effects are long 15 
heating times combined with mechanical stress caused by 
screws or other mixing devices in the machinery. The 
problems created by heat can be avoided by solvent casting, 
but this method may result in harmful solvent residues, and 
it is not suitable for insoluble polymers, such as polygl vcolic 20 
acid (PGA). 

It is an object of the present invention to provide a 
method for preparing drug releasing compositions eliminat- 
ing the disadvantages discussed above. The object is realized 
by a method for preparing a drug releasing biodegradable ^ 
composition comprising biodegradable polymer matrix and 
at least one pharmaceutical substance mixed and/or dis- 
solved within said matrix, characterized in that using ultra- 
sonic means a mixture of the biodegradable polymer and the 
pharmaceutical substance is at least partially melted. 

Ultrasonic techniques are widely used in industry for the 30 
joining of thermoplastic moldings, e.g. in car and textile 
industry. It has now been found that ultrasonic processing 
can successfully be used to plasticize and mold polymeric 
drug delivery systems. Compared to the previously utilized 
methods, ultrasonic molding offers the advantage of being 35 
faster, more controllable, and substantially less destructive 
to the polymer and the drug. 

Ultrasonic molding is based on a process in which energy 
from the main supply is converted by a generator into 
electrical vibrations in the US range (usually 20 kHz), and 40 
further transduced into mechanical vibrations of the same 
frequency. These mechanical vibrations are transmitted to 
the work pieces through a booster (transformer) and a 
sonotrode. The heating in the materials to be molded or 
joined takes place as a result of the absorption and reflection 45 
of the mechanical vibrations in the material and the interface 
friction of the fragments or joining surfaces. 

The time required for ultrasonic processing is always 
very short, preferably less than 1.5 s. This fact is influential 
in all applications, particularly when mass-produced articles 50 
are in question. Short heating times are especially important 
in drug release applications, in which neither the polymer 
nor the active agent can withstand elevated temperatures for 
long periods of time. 

Ultrasonic molding of polymer/drug composites is 55 
accomplished by standard ultrasonic welding equipment, 
provided it is supplied with a sonotrode and a mold suitable 
for producing of matrices of desired size and geometry. 
Tablet- or rod-shaped matrices, for example, are easily 
produced, but more complicated geometries can also be 60 
prepared. 

Polymeric materials suitable for ultrasonically processed 
drug releasing matrices include e.g. polyorthoesters and 
biodegradable poly-oe-hydroxy acids, such as polyglycolide 
(PGA), polylactides (PLA), polyhydroxybutyrate (PHB) and 65 
PHB/polyhydroxyvalerate (PHV) copolymers. Many of 
these materials are extremely difficult to injection mold or 



extrude due to their narrow melting temperature ranges. The 
process may, in fact, become impossible to control when the 
polymers have been blended with pharmaceuticals: drastic 
changes in the viscosity of the materials can occur within a 
0.5° C. change in temperature or with time, and differences 
in the melting points of the constituents often result in one 
or more of the substances being at least partially destroyed. 
In ultrasonic molding these problems can largely be avoided, 
because the process is almost instantaneous, and because the 
process parameters (welding time, holding time, pressure, 
welding energy, welding distance, amplitude, impact speed) 
can be very accurately determined. 

Examples of the drugs compatible with ultrasonic pro- 
cessing are e.g. antibiotics, polypeptides and steroid hor- 
mones. Many other classes of pharmaceuticals, the long 
term and/or local delivery of which is beneficial, can also be 
used. 

Ultrasonically produced drug delivery systems can best 
be used as macroscopic implantable devices, such as long- 
term contraceptive systems placed under the skin, or as 
antibiotic loaded rods implanted in osteomyelitic bone. The 
preparation of these or other types of implants consists, in 
general, of mixing the polymer with the pharmaceutical 
substances, vacuum drying the blend, and molding it with 
ultrasound. 

Homogenization of the polymer/drug blend can be done 
for example by mechanically mixing finely ground powders, 
by stirring the polymer powder in a drug solution, by 
dissolving both (all) substances in a common solvent, or by 
impregnating the polymer with the drug solution. Thorough 
vacuum drying of the materials after blending is preferred 
for predictable processing and release results. 

Molding of the materials can be done with a standard 
ultrasonic welding apparatus, which is equipped with an 
appropriately designed sonotrode and a mold of desired size 
and shape. The dried substances are placed into the mold, 
and ultrasound is applied on them. The processing time 
required to plasticise and form a 0.25 g sample varies 
between 0.1 and 1.0 s depending on the materials in ques- 
tion, as well as on the pressure and amplitude (booster) used. 
The energies transmitted to this size of samples are approxi- 
mately 50-500 Ws. 

It has been found that most injection molded and 
extruded matrices show substantially worse and less pre- 
dictable in vitro release behavior than ultrasonically pre- 
pared samples, which is due to the degradative effect of 
these methods on the polymers and especially to the drugs. 
In vitro drug release from ultrasonically molded samples is 
roughly equivalent to that from compression molded 
samples. However, variation of the results is greater in 
compression molded samples, and when comparing the 
processing techniques themselves, ultrasonic molding 
comes out as the easier, faster and more accurate technique. 

The invention is further illustrated by the following 
Examples, where reference is made to the accompanying 
drawings. In the drawings, 

FIG. 1 shows in vitro release of levonorgestrel from 
ultrasonically processed PLLA matrice, 

FIG. 2 shows in vitro levonorgestrel release from com- 
pression molded PLLA matrice, 

FIG. 3 shows in vitro ciprofloxacin release from ultra- 
sonically molded PGA matrice, 

FIG. 4 shows cumulative in vitro ciprofloxacin release 
from ultrasonically molded PGA matrice, 

FIG. 5 shows in vitro ciprofloxacin release from com- 
pression molded PGA rods, 

FIG. 6 shows cumulative in vitro ciprofloxacin release 
from compression molded PGA rods, 
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FIG. 7 shows in vitro 17-P-estradiol release from ultra- 
sonically molded PHB/PHV slabs (7.5 wt % npestradiol) 
and 

FIG. 8 shows in vitro 17-P-estradiol release from ultra- 
sonically molded PHB/PHV slabs (15wt % 17-P-estradiol) 5 

EXAMPLE 1 

Effects of injection molding and ultrasonic processing on 
poly-L-lactide (PLLA) 10 

PLLA (MW 260 000) was first dried in vacuum and 
subsequently either ultrasonically processed or injection 
molded in nitrogen atmosphere. The samples produced by 
ultrasound were (j> 11x2 mm buttons, and the duration of 
ultrasound application on each sample was approximately 15 
0.3 s. The energy transmitted to the buttons was 200 Ws, and 
the pressure during molding 1.3 bar. Injection molding was 
done with a Battenfeld BA 230 apparatus, and the molded 
samples were shaped as rods of various sizes. Both types of 
samples were ground and again vacuum dried before testing. 20 

Processing-induced changes in polymer properties and 
structure were assessed by melt flow index (MFI) measure- 
ments and differential scanning calorimetry (DSC). The MFI 
measurements, done at 180°-195° C, showed that injection 
molding had had a major degradative effect on PLLA, as the 25 
MFI at all temperatures had markedly increased. The 
increase in MFI caused by ultrasonic processing was less 
severe (Table 1). DCS scans showed a slight decrease in 
melting points in the injection molded as well as in the 
ultrasonically processed samples. The smaller degree of 30 
crystallinity of the ultrasonically prepared PLLA is caused 
by the quick cooling that follows the ultrasound application 
(Table 2). 



TABLE 1 



Melt flow index (MFI) values of PLLA 



180° C. 



MFI (g/10 min) 
185" C. 



190° C. 



195° C. 



Raw material — 


0.20 


0.84 1.25 


(MW 260000) 






Injection 3.11 


5.66 


7.60 9.74 


molded 






Ultrasonically — 


4.31 


4.30 6.18 


molded 






TABLE 2 


Melting points (°C.) and degrees of crystallinity of PLLA 




Tm 


Crystallinity 




(deg. C.) 


% 


Raw material 


185.7 


63.4 


(MW260000) 






Injection molded 


181.8 


61.2 


Ultrasonically molded 


181.1 


38.9 



degree of crystallinity calculated from the melting enthalpy of the 
relative to that of 100% crystalline PLLA 
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Total concentration of active agents in ultrasonically 
processed, compression molded and injection molded matri- 
ces 

Ultrasonically molded samples were prepared from 65 
vacuum dried PLLA (MW 260 000)/15 wt % levonorgestrel 
mixture using Rinco PCS ultrasonic welding equipment. 



The <|> 11x2 mm, button shaped samples were made using a 
welding time of 0.3 s, 1.3 bar and appr. 200 Ws of energy 
per sample. A few of the prepared samples were dissolved in 
chloroform, and the total concentration levonorgestrel in the 
solution was determined UV-spectrophotometrically at 240 
nm. The levonorgestrel content of the samples was found to 
be close to 100% of the theoretical amount of the drug 
present. 

A similar PLLA/15 wt % levonorgestrel mixture was 
compression molded into (j> 20x2 mm slabs at 170°-175° C. 
for 5 min. The pressure applied on the samples during 
processing was 10 MPa. The levonorgestrel content mea- 
sured from dissolved slabs was again nearly 100% of the 
expected. 

Injection molded PLLA/15 wt % levonorgestrel samples 
were prepared by first melt homogenizing the dried material 
in a Brabender Plasticord batch mixer at 190" C, and by 
then injection molding it into <|> 20x2 mm slabs with a 
laboratory scale SP-2 apparatus at 195°-200° C. In these 
samples, only appr. 24% of the theoretical amount of 
levonogcstrcl was found to be present after processing, 
which clearly shows the detrimental effect of injection 
molding/melt homogenization on these materials. 

EXAMPLE 3. 

In vitro release of levonogestrel from ultrasonically pro- 
cessed, compression molded and injection molded PLLA 
matrices 

The in vitro hydrolysis experiments of all samples were 
done in phosphate buffer (pH 7.4) at 37° C. The buffer 
solutions were changes periodically, and the levonorgestrel 
concentration in the solutions was assessed by HPLC 
(Merck Hitachi). 

The compression molded PLLA/15% levonorgestrel 
matrices have released levonorgestrel fairly steadily, 10-12 
ug/day, after initial burst (FIG. 2). The release has been 
strongly dependent on the solubility of the steroid in the 
buffer solution rather than on the properties of the matrix. 
No signs of the active agent having been destroyed during 
processing have been detected, however. 

The release from ultrasonically processed samples (FIG. 
1) has been 6-8 ug/day, after the initial burst (after about 25 
days). After 180 days the total amount released has been 
4.8%. 

Levonorgestrel release from the injection molded samples 
was barely at a detectable level («1 ug/day) throughout 
most of the test period. Because of the very scant release, 
and also due to rapidly degrading matrices, the experiments 
were deemed unsuccessful and discontinued after two 
months of hydrolysis. 

EXAMPLE 4 

In vitro ciprofloxacin release from ultrasonically pro- 
cessed and compression molded polyglycolic acid (PGA) 
matrices. 

Ciprofloxacin loaded PGA matrices, which can be used 
for the local, controlled antibiotic treatment of osteomyelitis, 
were prepared from ciprofloxacin impregnated Dexon 2"S" 
suture. The impregnated (5 wt % ciprofloxacin), vacuum 
dried suture was either compression molded into <|> 3.2x5 
mm rods or ultrasonically formed into <(> 11x2 mm slabs. The 
compression molding was done at 200°-205° C. under 0-20 
MPa pressure for 6-7 minutes. Ultrasonic processing was 
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accomplished with a welding time of appr. 1.5 s, 1.2 bar 
pressure and 270-300 Ws of transmitted energy. 

Ciprofloxacin release from the ultrasonically prepared 
samples started at 1849+93 ug/day (X±SD, N=8) and 
tapered down to 0.8+0.3 ug/day after 112 days (FIG. 3). The 5 
experiment was discontinued at this time, because all of the 
samples had degraded completely. At the completion of the 
hydrolysis the percentage of the antibiotic release had 
reached 55±5% of its theoretical amount (FIG. 4). The 
remaining appr. 45% had been lost during processing due to 10 
incomplete absorption into the sutures. 

Hydrolysis results of the compression molded samples are 
presented in FIGS. 5 and 6. It can be seen that the ciprof- 
loxacin release from the samples was comparable to that 
from ultrasonically processed samples, especially consider- 15 
ing the differences in the size and shape of the samples. 
However, variation between individual samples was notice- 
ably greater in the compression molded rods. Also, the 
compression molding process takes 20-30 min/sample, 
whereas the ultrasonic forming can be done in less than two 20 
seconds. 



EXAMPLE 5 

Ultrasonically molded PHB/PHV / 17-P-estradiol 
samples 



25 



30 



Micronized estradiol and PHB/PHV powder (particle 
size<350 pm) were mechanically mixed in the ratios of 
7.5:92.5 and 15:85. The homogenized mixture was vacuum 
dried at 30° C. for 3 days and then ultrasonically molded into 
<j> 11x2 mm slabs. The processing parameters included the 
welding time of 0.118-0.128 s, 5.0 s holding time, 1.1 bar 
pressure and 53 Ws of welding energy. Some of the slabs 
were dissolved in chloroform, and the total estradiol content 35 
of the samples was determined from the solution by a Perkin 
Elmer Lambda 17 UV/VIS-Spectrophotometer at 280 nm. 
The amount of estradiol found was close to 100% of the 
theoretical. 

40 

In vitro hydrolysis experiments of PHB/PHV / 17-P- 
estradiol slabs were done in phosphate buffer (pH 7.4, 37° 
C). The buffer solution was periodically changed, and the 
estradiol concentration in the solution was assessed by 
HPLC (Merck Hitachi). The results show a nearly first order 4J 
release, which is typical for matrix-type drug delivery sys- 
tems (FIG. 7 and 8). 

FIG. 7 (mixing ratio 7.5:92.5) shows that the release has 
been 6-1 1 ug/day during the period of 20-70 days, after the 
initial burst. During the period of 120-290 days the release 50 
has been about 2-4 ug/day. After 290 days the total amount 
released has been 11.5%. 

FIG. 8 (mixing ratio 15:85) shows that the release has 
been 10-13 ug/day during the period of 50-100 days, after 
the initial burst. During the period of 100-230 days the 55 
release has been about 4.5-10 ug/day. After 230 days the 
total amount released has been 10.5%. 

We claim: 

1. A method for preparing a matrix-type solid drug 
releasing biodegradable composition comprising a solid 60 
biodegradable polymer matrix and at least one solid phar- 
maceutical substance mixed and/or dissolved within said 
matrix, comprising the steps of subjecting said biodegrad- 
able polymer matrix and said at least one pharmaceutical 
substance while in admixture as solids to the action of 65 
ultrasonic means whereby said mixture is at least partially 



melted, and thereafter cooling said mixture to form said 
matrix-type drug releasing biodegradable composition. 

2. A method according to claim 1 characterized in that the 
mixture of biodegradable polymer and pharmaceutical sub- 
stance is vacuum dried before the ultrasonical melting. 

3. A method according to claim 1 characterized in that the 
biodegradable polymer matrix comprises a polyorthoester, a 
polylactide or a poly-a-hydroxy acid. 

4. A method according to claim 3 characterized in that the 
biodegradable polymer matrix comprises polyglycolide 
(PGA), poly-L-lactide (PLLA), polyhydroxybutyrate (PHB) 
or a PHB/polyhydroxyvalerate (PHV) copolymer. 

5. A method according to claim 1 characterized in that the 
pharmaceutical substance is an antibiotic, a steroid hormone 
or a polypeptide. 

6. A method according to claim 5 characterized in that the 
pharmaceutical substance is levonorgestrel, ciprofloxacin or 
17-P-estradiol. 

7. A matrix-type solid drug releasing biodegradable com- 
position comprising biodegradable polymer matrix and at 
least one pharmaceutical substance mixed and/or dissolved 
within said matrix prepared according to the method of 
claim 1. 

8. A matrix-type solid drug releasing biodegradable com- 
position according to claim 7 characterized in that the 
composition is capable of being implanted in the human or 
animal body. 

9. A method according to claim 2 characterized in that the 
biodegradable polymer matrix comprises a polyorthoester, a 
polylactide or a poly-a-hydroxy acid. 

10. A method according to claim 2 characterized in that 
the pharmaceutical substance is an antibiotic, a steroid 
hormone or a polypeptide. 

11. A method according to claim 3 characterized in that 
the pharmaceutical substance is an antibiotic, a steroid 
hormone or a polypeptide. 

12. A method according to claim 4 characterized in that 
the pharmaceutical substance is an antibiotic, a steroid 
hormone or a polypeptide. 

13. A matrix-type solid drug releasing biodegradable 
composition comprising biodegradable polymer matrix and 
at least one pharmaceutical substance mixed and/or dis- 
solved within said matrix characterized in that said compo- 
sition is prepared according to the method of claim 2. 

14. A matrix-type solid drug releasing biodegradable 
composition comprising biodegradable polymer matrix and 
at least one pharmaceutical substance mixed and/or dis- 
solved within said matrix characterized in that said compo- 
sition is prepared according to the method of claim 3. 

15. A matrix-type solid drug releasing biodegradable 
composition comprising biodegradable polymer matrix and 
at least one pharmaceutical substance mixed and/or dis- 
solved within said matrix characterized in that said compo- 
sition is prepared according to the method of claim 4. 

16. A matrix-type solid drug releasing biodegradable 
composition comprising biodegradable polymer matrix and 
at least one pharmaceutical substance mixed and/or dis- 
solved within said matrix characterized in that said compo- 
sition is prepared according to the method of claim 5. 

17. A matrix-type solid drug releasing biodegradable 
composition comprising biodegradable polymer matrix and 
at least one pharmaceutical substance mixed and/or dis- 
solved within said matrix prepared according to the method 
of claim 6. 



